Bitches with uteri devoid of endometrial glands should be sterile, and consequently could contribute to the population control of dogs. Considering that an inadequate exposure of the female reproductive system to steroids can lead to the formation of the uterine gland knock-out (UGKO) phenotype in some species, the aim of this study was to evaluate the effect of serial applications of medroxyprogesterone acetate (MPA) from birth until the age of six months on the development of endometrial glands in bitches. For this purpose, 16 female mongrel dogs from different litters were distributed into either an MPA group (n = 8), animals treated with 10 mg kg sc (Promone-E ® , Pfizer, Brasil) at 3-week intervals, from day one after birth until the age of six months, or a control group (n = 8), composed of animals that only received a 0.9% NaCl solution in place of MPA. At six months of age, ovariohysterectomy was performed and uterine horn samples were collected for histological and immunohistochemical examinations. The bitches from the MPA-treated group presented a 35% decrease in the number of endometrial glands, a larger diameter of the endometrial glands, a greater epithelial height, as well as a greater thickness of the uterine wall, endometrium, and myometrium. However, no significant differences were observed between the two groups in the expression of ER-α, ER-β, and PR on the surface epithelium and endometrial stroma. Therefore, the serial application of MPA from birth until the age of 6 months do not completely ablate the development of the endometrial glands in bitches, but impair it by 35%.
Introduction
Canine overpopulation is a reality in many cities worldwide, particularly in large urban centres, and is a challenge to public health and animal welfare. Dogs act as reservoirs of several diseases, some of which are zoonotic, and pose not only public health risks, but also other problems including traffic accidents (Maenhoudt et al., 2014) .
Several methods have been used to achieve population control in dogs. The most important include surgical sterilization by ovariohysterectomy (OHE), and hormone therapy. Despite the relative safety and the irreversibility of the sterilization surgery, it is expensive, and can pose risks to the animals (Howe, 2006; Santos et al., 2009) . Moreover, hormone therapies, including the use of progestogens to prevent oestrus, or to block ovulation in female animals, and the use of oestrogens to prevent embryo implantation in fertilized bitches, can have various side effects, including pyometra, breast cancer, and aplastic bone marrow leading to thrombocytopenia and death (Bowen et al., 1985; Selman et al., 1995; Gobello et al., 2003) . New studies have been conducted using analogues of GnRH as a contraceptive agent, and there are also possibilities via the immunological system with vaccination against GnRH, LH receptor and zona pellucida proteins. However, these studies are still in development. Therefore, novel methods of population control are required and may be studied (Maenhoudt et al., 2014) .
An early event in gestation is attachment of the blastocyst to the uterine wall (Carter and Mess, 2017) , which is followed by placentation. The uteri of all mammals contain endometrial glands that synthesize the uterine milk, a complex mixture of substances necessary for the embryo development before placentation (Perry and Crombie, 1982; Gerstenberg and Allan, 1999; Stewart et al., 2000; Bazer et al., 2017) . Previous studies have demonstrated that the endometrial glands are of fundamental importance for the survival and early development of the foetus (Bazer, 1975; Roberts and Bazer, 1988; Carson et al., 2000; Bazer et al., 2017) .
Steroid hormones have been used to ablate the endometrial glands development in several animal species, including sheep and cows, leading to the formation of the uterine gland knock-out (UGKO) phenotype, characterized by adult female animals rendered infertile by the apparent absence of the endometrial glands and their secretions (Gray et al., 2001) .
In cattle, new-born calves exposed to progesterone and oestradiol benzoate from birth until puberty, exhibited decreased uterocervical weight and myometrial area, and limited development of endometrial glands (Bartol et al., 1995) . Similarly, sheep treated with progestins in the neonatal period did not develop endometrial glands (Bartol et al., 1997) .
In pigs, sheep, and cattle, the development of endometrial glands is a postnatal event, and can occur from birth until the 120 th day of life, depending on the species (Gray et al., 2001) . In dogs, glandular development mainly occurs between birth and the 60th day of life (Cooke et al., 2012; Ramos et al., 2015) , however, a single postnatal supraphysiological dose of MPA (35 mg dog sc) was not able to ablate uterine adenogenesis (Ponchon et al., 2015) .
The UGKO phenotype could lead to sterility in bitches, and consequently, be useful for the development of a population control method. Therefore, the aim of this study was to evaluate the effect of serial applications of medroxyprogesterone acetate (MPA) from birth until the age of six months, on the development of endometrial glands in dogs.
Materials and Methods

Animals
Sixteen female mongrel puppies, on day one after birth, were randomly divided into two groups: an MPA group (n = 8), which was treated with doses of MPA (Promone-E ® , Pfizer, Brasil; 10 mg kg sc; De Bosschere et al., 2002) at 3-week intervals, from day one after birth until the age of six months, and a control group (n = 8), composed of animals that only received a 0.9% NaCl solution in place of MPA, at the same volume, injected subcutaneously, at the same intervals, until age of six months. The animals were maintained in individual kennels, with access to water and food ad libitum, and were clinically evaluated once a week. All the animals were pre-pubertal at the time of ovariohysterectomy, since none of them had presented the first estrus. The weight of the animals at age of six months, when they were ovariohysterectomized, was 10,6 ± 3,8 kg. All the procedures were performed in accordance with the guidelines of the Brazilian College of Animal Experimentation (COBEA).
Sample collection and histological preparation
Ovariohysterectomy was performed on all the animals at six months of age, and samples of the two uterine horns were collected and fixed for histological examination using haematoxylin-eosin (H & E), and for immunohistochemistry (IHC). A fragment of each uterine horn of each animal was collected, totalling 32 samples.
After fixation in 10% formalin for 24 h, the uterine horn samples were embedded in paraffin. Tissue sections (3-μm thickness) were obtained, mounted on glass slides, and stained with H & E for histological analysis of the type of surface epithelium and for the calculation of the number of endometrial glands. The variables evaluated included the total thickness of the uterine wall (μm), endometrium (μm), and myometrium (μm); diameter of the endometrial glands (μm); number of endometrial glands/mm 2 ; and the epithelial height (μm). Five fields per histological sample were evaluated for the calculation of the total thickness of the uterine lining, endometrium, and myometrium, and the epithelial height. The glandular diameter was calculated by measuring ten glands per histological sample. The measurements were performed using the ImageJ software version 1.43u (Wayne Rasband, National Institutes of Health, USA).
Immunohistochemical analysis
Tissue sections (3-μm thickness) were obtained and mounted on glass slides pre-treated with poly-Llysine (Poly-L-lysine®; Sigma Chemical Co, USA). For the deparaffinization of the embedded material, the slides were maintained in an oven at 55°C for 24 h, and subsequently placed in xylene in a glass beaker, at room temperature for 30 min, and then in fresh xylene for 20 min. The slides were transferred to glass beakers for hydration using alcohol solutions (absolute alcohol solutions I, II, and III, followed by 95 and 85% alcohol solutions), and were treated in each solution for 3 min. Subsequently, the slides were subjected to 10 immersion steps in distilled water. For the detection of ER-α, ER-β and PR, the antigen retrieval was performed in a 10 mM sodium citrate solution with incubation in a Paschal-type pressure cooker (Dako, USA). Endogenous peroxidase was blocked by treatment with 8% hydrogen peroxide for 20 min, after which the slides were washed 5 times in distilled water, blocked with a 3 g/100 ml solution of skimmed milk powder (Molico®) for 60 min, and subjected to 10 immersion steps in distilled water, and 10 washes in Tris buffer pH 7.4 (Trizma Base®, Sigma Chemical Co., USA). The slides were then incubated with the primary antibody (mouse monoclonal anti-human ERα clone 1D5, Cat No. M7047; Dako, CA, USA) at a dilution of 1:50 and a secondary monoclonal antibody (Cat. No. 1546; Immunotech, France) in a moist chamber for 18 h at 4°C. For the detection of ER-β, the primary antibody (mouse monoclonal anti-human ER-β clone PPG5/10, Cat. No. M7292; Dako, CA, USA) was diluted at 1:100, and the slides were incubated in a microwave oven at a maximum power of 750 W for 15 min. For the detection of PR, the primary antibody (monoclonal antibody anti-PR, Cat. No 1546, Immunotech, France), was diluted at 1:50, and the slides were incubated in a moist chamber for 18 h at 4ºC. For all the the receptors, after 18 h of incubation with the primary antibody in a moist chamber at 4°C, the material was then subjected to TRIS bath, and subsequently incubated with the secondary antibody Advance (Advance, Dako, USA) for 30 min each step, even in a moist chamber, according to manufacturer's instructions. Slides were then further washed in TRIS buffer pH 7.4, and revelation with DAB chromogen (3,3'-diaminobenzidine -Liquid DAB Cromogen® -Dako -USA) for 5 min under light and again rinsing with solution TRIS buffer pH 7.4. The slides were counterstained with Mayer's hematoxylin for 30 sec and the staining interrupted with washing in running water for 10 min and five passages in distilled water. The procedure was then dehydrating the material in alcohol baths, when the slides remained for 3 min immersed in each solution (85% alcohol, 95% absolute alcohol I, II, III, xylene I and II) and slides were mounted with coverslips using synthetic resinPermount (Fisher Scientific -code UN1294e.). Negative controls were treated the same except for replacing the primary antibody with Tris-buffered saline and fractions of rabbit serum immunoglobulins for polyclonal antibody (N-Universal Negative Control RabbitDakoCytomation -CA, USA. Code N1699). The expression of the ER-α, ER-β and PR on the surface epithelium and endometrial stroma was evaluated by evaluation and confirmation of positive nuclei staining. A total of five sections were immunostained and evaluated per uterus, with a total of 200 cells with stained nuclei counted in each slide. For analysis, cells from the surface epithelium and endometrial stroma in 10 high power fields (HPF) were selected randomly at magnification 40X for evaluation.
Statistical analysis
The histological data were evaluated by descriptive analysis, and the morphometric data were analysed by the Tukey's test using the System for Statistical Analyses (SAS) software version 9.1, 2007. The immunohistochemical data were analysed using the GraphPad Prism 5.0 software (Prism Software, Irvine, CA, USA). Data normality was demonstrated using the Kolmogorov-Smirnoff test. Statistical differences were evaluated using the Student's t-test, and the analyses were considered significant if the P-value was ≤0.05.
Results
Histological analysis
Histological examination indicated that the uteri of the bitches of the MPA group exhibited a simple cylindrical endometrium with a visible lamina propria in the epithelium. The endometrial glands were lined by simple squamous or cylindrical epithelium. In some cases, the myometrium presented large, conspicuous, irregular blood vessels. In the bitches of the control group, the uterine endometrium exhibited simple cuboidal epithelium, endometrial glands, and a tubular lamina propria with cubic and/or cylindrical epithelium with the latter type showing irregular folds. Smooth muscle layers with large vessels were also observed in the myometrium.
The bitches from the MPA-treated group presented a significant decrease in the number of the endometrial glands (P ≤ 0.05) compared to the control group, a larger diameter of the endometrial glands (P ≤ 0.05), a greater epithelial height (P ≤ 0.05), as well as a greater thickness of the uterine wall (P ≤ 0.05; Table 1 ). 
Immunohistochemistry
There was no statistical difference compared to ER-α expression (P = 0.8330), ER-β (P = 0.7209) and PR (P = 0.3181) in the superficial epithelium, between the MPA and C groups, respectively. Likewise, in the endometrial stroma no statistical difference was observed in ER-α expression (P = 0.5990), ER-β (P = 0.1949) and PR (P = 0.1873), respectively (Table 2; Fig. 1 ). Table 2 . Mean (± S.E.M.) of stained nuclei for ER-α, ER-β and PR on the surface epithelium and endometrial stroma, from bitches treated with MPA from birth to 6 months of age, or control (C). 
Clinical manifestations
All the animals in the MPA group presented with a mild breast hypertrophy, which began shortly after the first treatment. This hypertrophy decreased after the last application of MPA at 6-months of age, but did not completely disappear. The treated animals also presented with clitoral hypertrophy starting at 4-months of age, with a complete regression at 19-months of age. No side effects were observed in the control group. The animals were monitored until the age of 24 months.
Discussion
In this study, serial injections of MPA in dogs, from birth until the age of six months, did not completely ablate the endometrial glands, but decreased their development by approximately 35%. Similarly, a total or partial ablation of the endometrial glands was observed in cows that received progesterone in combination with oestradiol benzoate (Bartol et al., 1995 (Bartol et al., , 1997 . However, neonatal dogs which received only a single postnatal supraphysiological dose of MPA (35 mg dog sc) presented a normal uterine adenogenesis (Ponchon et al., 2015) . It is known that an inadequate exposure of the female reproductive tract to steroids during development can disrupt the physiological events necessary for growth and differentiation, leading to altered phenotypes in adults, and consequently, lower reproductive efficiency (Gray et al., 2001) . Furthermore, cows treated with progesterone in combination with oestradiol benzoate in the neonatal period had lower pregnancy rates because of the underdevelopment of the endometrial glands (Bartol et al., 1995) . This might have been due to the decreased synthesis or transport of essential substances (uterine milk) that are essential for foetal survival and development during the peri-implantation period (Gray et al., 2001 ). The differences between our results and those from Ponchon et al. (2015) may be due to the frequency of MPA used, and not dosage, since the period of exposure to hormones is directly associated with distinct effects on organ development and reproductive functions (Cooper and Kavlock, 1997) .
The diameter of the endometrial glands was larger in the bitches of the MPA group, compared with those of the control group. This increase in diameter was due to the prolonged action of MPA, which is a progestogen with progesterone-like effects. It increases the glandular secretory capacity, which justifies the larger glandular diameter found in dogs of the treated group. The physiological effects of progesterone are mediated by the interaction of the hormone with its receptor (PR), which was normally expressed on the surface epithelium and endometrial stroma of the treated dogs in the present study (Muulac-Jericevic and Conneely, 2004) .
The thickness of the uterine wall, endometrium, and myometrium, and the height of the surface epithelium were greater in the bitches treated with MPA by the time of ovariohysterectomy, compared to those in the control. The increased thickness of the endometrium and the uterine wall may be due to the glandular dilation and secretion, as described in adult dogs treated by the same protocol (De Bosschere et al., 2002) . All these changes might be caused due to stimulation by MPA since, in cyclic bitches, luteal progesterone also causes an increase in the thickness of the uterine wall (Romagnoli and Concannon, 2003) .
In this study, ER α, ER β, and PR were normally expressed on the surface epithelium and endometrial stroma (Fig. 1) , without any statistical difference in their expression between the two groups. These results are in contrast with others, in which lower expression levels of the ER, and none of the PR, in the glandular epithelium were observed, but a moderate or high expression of the PR in other regions of the endometrium of dogs, after treatment with progesterone or MPA was detected (Dhaliwal et al., 1999) . In fact, progesterone decreases the number of oestrogen receptors (ERs) and PRs in the uterine tissues of some animals, including bitches and cats, in vivo (West et al., 1976 (West et al., , 1977 Vermeirsch et al., 1999 Vermeirsch et al., , 2000 , and even in vitro (Galabova et al., 2004) . However, it has been described normal expression of the ER and PR in adult bitches treated for 24 weeks by the same protocol used in the present study (De Bosschere et al., 2002) , indicating, as observed in our study, that the sexhormone receptors in most cell types of the uterine wall escape the down-regulation promoted by the progestins after prolonged exogenous administration. In addition, it is known that the expression of the ER and PR may occur regardless of the regulation by sex hormones (Okulicz, 1986; Clarke et al., 1990) .
Our result for the expression of PR in the bitches of the control group differed from another study which could not detect the expression of the PR in the reproductive system of immature Beagle bitches not subjected to hormone treatment (Lessey and Gorell, 1981) . However, our result is in agreement with a recent description of the expression of both the ER and PR in the uterus of one-week-old puppies (Cooke et al., 2012) .
In this study, the only clinical manifestation observed was a mild enlargement of the breasts and the clitoris. This outcome was due to the presence of progesterone receptors in the mammary gland (Concannon et al., 1981) , and probably due to the androgenic effects of progestogens on the clitoris (Romagnoli and Concannon, 2003) The development of a knockout canine experimental model would expand the knowledge on implantation, placentation, and normal embryonic development, as well as the study of the development of protocols for birth control in the species. However, it was not possible to produce a UGKO model in this study, with the protocol used. Similarly, oestrogen and progesterone administration from birth until the age of six months, was not capable to ablate the endometrial glands on fillies (Wilsher et al., 2009) .
In conclusion,the use of exogenous progestin is capable of causing partial ablation of the development of the endometrial glands in dogs, with normal expression of ER α and β and PR.
